University of Massachusetts Amherst

ScholarWorks@UMass Amherst
Masters Theses 1911 - February 2014
1983

Tissue culture of Kentucky bluegrass (Poa pratensis L.).
Cynthia A. Lincoln
University of Massachusetts Amherst

Follow this and additional works at: https://scholarworks.umass.edu/theses

Lincoln, Cynthia A., "Tissue culture of Kentucky bluegrass (Poa pratensis L.)." (1983). Masters Theses
1911 - February 2014. 3373.
Retrieved from https://scholarworks.umass.edu/theses/3373

This thesis is brought to you for free and open access by ScholarWorks@UMass Amherst. It has been accepted for
inclusion in Masters Theses 1911 - February 2014 by an authorized administrator of ScholarWorks@UMass
Amherst. For more information, please contact scholarworks@library.umass.edu.

TISSUE CULTURE OF KENTUCKY BLUEGRASS
(POA PRATENSIS L.)

A Thesis Presented
By
CYNTHIA A. LINCOLN

Submitted to the Graduate School of the
University of Massachusetts in partial fulfillment
of the requirements for the degree of
MASTER OF SCIENCE
September

1983

Plant and Soil Sciences

TISSUE CULTURE OF KENTUCKY BLUEGRASS
(POA PRATENSIS L.)

A Thesis Presented
By
CYNTHIA A. LINCOLN

Approved as to style and content by:

•

_

William A. Torello, Chairman of Committee

Edward Davis, Member

Alien V. Barker, De^rtment Head
Department of Plant and Soil Sciences

ACKNOWLEDGEMENTS

Although numerous people have helped me during the time I have
been in graduate school at the University of Massachusetts, there
are several individuals who deserve special thanks.

Bill Torello; who, through his understanding and tolerance of
my independent way of doing research, has made my first years of
graduate school a great learning experience.
My fellow graduate students; especially Anna, Charlie, Kathy
and Rick, whose friendships have helped me deal with the many
frustrations of graduate school.
My committee members; particularly Dr. Bernie Rubenstein who
has been the source of much information and inspiration.
David Bell for his advice, encouragement and support.

Ill

TABLE OF CONTENTS

ACKNOWLEDGEMENT.iii
LIST OF TABLES.

v

LIST OF FIGURES.vi
Chapter
I.
INTRODUCTION .
II.
III.

LITERATURE REVIEW.

1
4

METHODS AND MATERIALS.15
Callus Induction .
15
Histology of Primary Callus Cultures .
18
Plant Regeneration.19

IV.

RESULTS AND DISCUSSION.22
Callus Induction .
22
Histology of Primary Callus Cultures .
40
Plant Regeneration.44

LITERATURE CITED.50
APPENDIX A.56
APPENDIX ..59

iv

LIST OF TABLES

1.

2.

3.

4.

5.

Percent viability, number of calli generated, mean
callus fresh weight and percent root and shoot
suppression from mature caryopses of Kentucky
bluegrass cultured for 8 weeks on a modified MS
medium containing different concentrations of
2,4-D.
Percent viability, number of calli generated,
mean callus fresh weight and percent root and
shoot suppression from mature caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different con¬
centrations of NAA.
Percent viability, number of calli generated,
mean callus fresh weight and percent root and
shoot suppression from mature caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different
concentrations of 2,4,5-T .
Percent viability, number of calli generated,
mean callus fresh weight and percent root and
shoot suppression from mature caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different
concentrations of pCPA.
Percent viability, number of calli generated,
mean callus fresh weight and percent root and
shoot suppression from mature caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different
concentrations of picloram
.

V

24

28

32

35

39

LIST OF FIGURES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Callus induction from dehusked caryopses of Kentucky
bluegrass cultured for 8 weeks on a modified MS
medium containing different concentrations of
2,4-D...
Mean callus fresh weight generated from dehusked
caryopses of Kentucky bluegrass cultured for 8
weeks on a modified MS medium containing dif¬
ferent concentrations of 2,4-D
.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different
concentrations of NAA .
Mean callus fresh weight generated from de¬
husked caryopses of Kentucky bluegrass
cultured for 8 weeks on a modified MS medium
containing different concentrations of NAA
.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different
concentrations of2,4,5-T .
Mean callus fresh weight generated from de¬
husked caryopses of Kentucky bluegrass
cultured for 8 weeks on a modified MS
medium containing different concentrations .
of 2,4,5-T
.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on
a modified MS medium containing different
concentrations of pCPA
.
Mean callus fresh weight generated from dehusked
caryopses of Kentucky bluegrass cultured for
8 weeks on a modified MS medium containing
different concentrations of pCPA
.
Callus induction from dehusked caryopses
of Kentucky bluegrass cultured for 8 weeks
on a modified MS medium containing different
concentrations of picloram
. •
Mean callus fresh weight generated from de¬
husked caryopses of Kentucky bluegrass
cultured for 8 weeks on a modified MS medium
containing different concentrations of
picloram
.

vi

23

25

26

27

30

31

33

34

37

38

11.

12.

13.

14.
15.

16.

Longitudinal section of mature Kentucky
bluegrass caryopsis (stained with
safranin-fast green) showing callus
proliferation from the embryo.
Organized region showing beginnings of
vascularization within Kentucky bluegrass primary callus
.
Section of Kentucky bluegrass primary
callus (stained with safranin-fast
green) showing multilobed, organized
regions.
External appearance of Kentucky bluegrass
primary callus
.
Root development from three month old
Kentucky bluegrass callus cultured on a
modified MS medium containing 0.1 mg/liter
2,4-D.
Plant formation from Kentucky bluegrass callus
transferred directly from initiation medium
to regeneration medium containing 0.5 mg/
liter BA.

•

•

Vll

41

42

43
45

46

47

CHAPTER

I

INTRODUCTION

Recent advances in the field of plant and cell tissue culture
have notable implications for plant breeders and geneticists working
with cereal and other grass species.

Cellular and molecular tech¬

niques used to identify and induce genetic variability can be an
important means of developing improved crop varieties.
Successful application of cell and tissue culture methods to a
particular crop improvement program depends on various factors.

The

optimal hormonal, nutritional and environmental conditions required
for callus growth and plant regeneration must be defined before any
somatic genetic manipulation.

Once these prerequisites are met

desired traits such as disease resistance and environmental stress
tolerance could be induced and expressed in cultured cells or
tissues.

After plants are regenerated from recovered mutant cell

lines, the selected traits must be shown to be expressed at the
whole plant level and be heritable.
Present turfgrass breeding programs could benefit from the use
of cell and tissue culture methods by improving on traits which are
difficult or impossible to achieve by conventional breeding methods.
Kentucky bluegrass (Poa pratensis L.), a cool-season temperate turfgrass, is widely used for lawns, golf courses and athletic fields
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(4).

Breeding Kentucky bluegrass has been difficult since this

species is reproduced through facultative apomixis.

Although

apomictic fertility occurs to a much greater extent (80-90%) than
the effective sexual fertility, obligate apomixis is not evident
in Poa pratensis (2, 55).

A high percentage of apomictic repro¬

duction is advantageous because this allows a breeder to perpetuate
selected phenotypic traits without undesirable change.

Conversely,

traditional breeding methods are difficult and time consuming when
attempting to produce new and desirable genetic variability in such
apomictic species.

Tissue culture systems may provide a useful

alternative to conventional Kentucky bluegrass breeding programs
through fast and reliable induction and selection of improved char¬
acteristics such as increased drought, temperature and salt
tolerance.
Well-defined tissue culture procedures do not exist
important grasses,

especially Kentucky bluegrass.

for many

Both callus

initiation and maintenance of callus growth are largely influenced
by the type and level of auxin present

in the culture medium.

primary objective of this study was to

systematically compare dif¬

ferent types of

synthetic auxins at varying concentrations on

callus initiation and growth in Kentucky bluegrass.
jectives of this

The

Secondary ob¬

study were to examine the morphology of primary

callus cultures through histological techniques and to attempt plant

3

regeneration from callus.

This preliminary research should help

provide the background necessary for future tissue culture research
of Kentucky bluegrass as well as for other turfgrasses.

CHAPTER

II

LITERATURE REVIEW

As early as 1949 tissue cultures were being produced from the
endosperm of immature maize kemals (39) .

The development of tissue

culture methods with other cereals and grasses did not immediately
follow this fundamental demonstration of successful culture initi¬
ation from a graminaceous species.
species,

Compared with dicotyledonous

vitro work within the Gramineae has presented many dif¬

ficulties as well as conflicting interpretations of results (14,
34).

Only in the past decade have significant advances in tissue

culture been made in many agronomic crop species.

Callus induction

and plant regeneration have been reported for the majority of
cereals including maize, oats, barley, wheat, sorghum, rice and
rye (14, 29).

The influence of genotype, donor tissue (explant)

and its developmental stage, growth medium and exogenously applied
hormones on the tissue culture of these important crops have been
characterized.

This information has greatly aided tissue culture

research in all graminaceous species.
The tissue culture of forage grasses has been investigated to
a lesser degree than cereal species.

Atkin and Barton (3) have

established callus cultures of twelve temperate grasses by utilizing
root tips or whole seedlings as explants and 2,4-dichlorophenoxyacetic
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acid (2,4-D) as the only growth regulator in the culture medium.
Callus has also been initiated from immature inflorescences of five
temperate forage grass species by Lo et al.

(41).

The forage grass

species which have been cultured most successfully are big bluestem
(Andropogon gerardii Vitman)
Nash)

(7), indiangrass (Sorghastrum nutans L.

(8) and orchardgrass (Dactylis glomerata L.)

(15).

Callus

induction, maintenance and plant regeneration have been evaluated
for these three species.

Meristem tip culture, used for virus

elimination and vegetative propagation, has been accomplished for
grass species in the genera Lolium, Festuca, Phleum and Dactylis (20).
Turfgrasses have, until recently, received very little attention
by those utilizing cell and tissue culture techniques.

Krans (35,

36) has completed preliminary investigations on callus induction,
maintenance and plant regeneration for sixteen major cool and warm
season turfgrasses including both annual and perennial ryegrass,
tall and red fescue, colonial and creeping bentgrass and Kentucky
bluegrass.

In all species tested, calli were initiated from mature

caryopses on a Murashige and Skoog (MS) medium (52) containing
5,0 mg/liter 2,4-D.

Plant regeneration was attainable only with

perennial ryegrass, annual ryegrass, tall fescue, centipedegrass
and creeping bentgrass.

Attempts at plant regeneration from Kentucky

bluegrass callus yielded only roots (36).
Regeneration of both shoots and roots from callus cultures of
Kentucky bluegrass has only recently been reported (45, 46).
Manton et al.

(45) have also described the parameters of callus
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induction for two Kentucky bluegrass cultivars,
experimental 72-50.

’Adelphi’ and

Immature inflorescences were used as explants

and the greatest amount of callus was formed with 5.0 mg/liter
2,4-D added to an MS media.

At 1.0 mg/liter 2,4-D, root growth was

prolific and only a small amount of callus had formed.

In contrast,

Krans (38) has reported a lower optimum 2,4-D level of 3.5 mg/liter
for Kentucky bluegrass callus initiation from mature caryopses and
incubated in total darkness.
Tissue culture techniques have been applied to several
additional turfgrass species.

Lowe and Conger (43) have initiated

and maintained callus cultures of tall fescue (Festuca arundinacea
Shreb.).

In related studies, callus establishment and successful

plant regeneration were obtained with cultures of annual ryegrass x
tall fescue hybrids (32) and annual bluegrass (Poa annua L.)

(66).

Recently, initiation, growth and maintenance of callus tissue
derived from mature caryopses of perennial ryegrass (Lolium perenne
L.)

(61) and creeping bentgrass (Agrostis palustris Huds.)

have been reported.

(37)

Plant regeneration has also been accomplished

for both of these species (37v 60).

A preliminary study on the

effects of various carbohydrate sources on callus induction and
growth of St. Augustinegrass (Stenotaphrum secundatum) has also been
reported (62).
Explant source, developmental state of explant tissue, geno¬
type, composition of the growth medium and hormonal levels influence
every phase of the tissue culture process from callus initiation to
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plant regeneration.

The types of explants routinely used for callus

induction in the Gramineae vary widely within the literature.

Young

tissues containing meristematic regions are usually the explants
most readily used for generating callus tissue (44).

The most

effective explant sources for grasses include immature inflorescences
(7, 8,

9, 46), immature embryos (1), elongating intemode tissue (32)

and mature caryopses (15, 61).

Leaf explants, not routinely used for

grass cultures, have been successfully employed for callus initiation
in annual ryegrass (18) and orchardgrass (17).

In both instances,

leaf sections closest to or including the shoot apical meristem
produced callus most reliably.
In cereals and other grasses, the effect of genotype on growth
and development of tissue cultures has been described.

Immature

embryos of different genotypes of maize were evaluated for culture
initiation and plant regeneration (28. 29) and the results varied
greatly depending on genotype.

Furthermore, Green (26) has shown

that the developmental stage of immature embryos and hormone con¬
centration are significant factors which interact with genotype to
influence the production of regenerative cultures.

Callus initiated

from young inflorescences of ten genotypes of indiangrass have also
shown significant variability (8).

When plant regeneration was

attempted, the ability of these calli to initiate shoots varied
depending on the genotype.
The basal growth medium generally utilized for culture initia¬
tion, maintenance and plant regeneration in grasses has been the
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Murashige and Skoog (MS)

(52) or modifications of the MS media (27).

A unique characteristic of the MS medium is its high content of
nitrate, potassium, and ammonium relative to other nutrient media
(24).

Other basal growth media differing slightly from the MS

media in their inorganic or organic components have been used for
grass tissue cultures.

The LS medium, developed by Linsmaier and

Skoog (40), the Schenk and Hildebrandt (SH) medium (58) and
Gamborg's B5 medium (25) have all been used as alternatives to the
MS media.
• Auxin has been determined to be the principal hormone required
for the tissue culture of most grasses.

An exogenous supply of

cytokinin is usually not required for monocotyldeonous tissue cul¬
tures and, in most cases, growth of grass callus has been shown to
be inhibited by concentrations of kinetin higher than 0.2 mg/
liter (3).
The broadleaf herbicide 2,4-dichlorophenoxyacetic acid (2,4-D)
is the most widely used synthetic auxin for callus initiation and
growth in monocots.

The effective concentration of 2,4-D varies

depending upon the particular species being cultured, the explant
source and the phase of tissue culture being considered.

For ex¬

ample, culturing annual ryegrass x tall fescue hybrids required a
concentration of 2.0 - 4.0 mg/liter 2,4-D for callus induction,
while 2.0 mg/liter 2,4-D was needed for callus maintenance and
0.25 rog/liter 2,4-D was optimal for plant regeneration (32).
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In addition to 2,4-D there are numerous other auxins which may
be added to a culture medium resulting in various degrees of effec¬
tiveness.

The natural auxin indole-3-acetic acid (lAA), if effec¬

tive at all, is usually required at a higher concentration than a
synthetic auxin for callus induction (67, 68).

Galston et al.

(23)

postulated that the absorbed lAA in tissues may be changed metabolically to an inactive form within cells.

The synthetic auxin

2,4-D is not readily destroyed by most plant tissues (63).

Indole-

3-acetic acid did not induce callus growth at any concentration
from orchardgrass, annual ryegrass or tall fescue embryos (18).

For

callus induction of rice, lAA was active at concentrations of 3 x
'10“^M to 10"2m (54) .
The synthetic auxin a-napthaleneacetic acid (NAA) was an ef¬
fective callus inducer at concentrations of 40 to 60 pM for orchardgrass, annual ryegrass and tall fescue embryos, but allowed more
root formation to occur during initiation than any other auxin
tested (18).

For maintaining stability of chromosome numbers during

culture, the less potent auxin NAA may be more favorable than
2,4-D (53,63).
Another synthetic auxin which may be less toxic to tissues
and less harmful to subsequent organ formation is p-chlorophenoxyacetic acid (pCPA)

(58).

Less callus, however, was produced in

orchardgrass and annual ryegrass by pCPA than with other auxins
(18).

The auxins lAA, NAA or pCPA are occasionally used in com¬

binations with each other or, more successfully, with 2,4-D.

For
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ryegrass culture initiation, lAA and 2,4-D were effectively com¬
bined (1) and for callus formation from explants of oats (42),
barley (10) and wheat (56) pCPA and 2,4-D were combined.
An additional compound which adequately induces callus for¬
mation in grasses and cereals is 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T)

(24).

The synthetic auxin 2,4,5-T, however, has not been

used as frequently as other auxins for culture initiation from
graminaceous species.

At 5.0 mg/liter 2,4-D induced better growth

than 2,4,5-T in sorghum and rice, but at 2.0 mg/liter, 2,4,5-T was
superior to 2,4-D in suppressing organogenesis, maintaining via¬
bility and inducing callus growth (57).

Although 2,4,5-T was at

least as effective as 2,4-D for promoting callus growth from orchardgrass and annual ryegrass embryos, it was not as effective as
2,4-D for tall fescue explants (16).

The effect of 2,4,5-T in re¬

ducing shoot and root growth per amount of callus generated may not
be as good as 2,4-D and the effective concentration range of
2,4,5-T may be narrower than 2,4-D (16).
A relatively new compound which acts like an auxin in its
effects on the extension of wheat and oat coleoptile sections, pea
stem intemode sections and pea root tips is 4-amino-3,5,6trichloropicolinic acid (picloram)

(33) .

Picloram has performed

as well or better than other auxins in tissue cultures of wheat,
soybeans, tobacco and jackbean explants (13).

In general, picloram

is active at lower concentrations than other auxins (13, 49).
Picloram can be used at lower concentrations to replace the 2,4-D
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requirement in tissue culture of wheat (65).

Furthermore, the ac¬

tion of picloram may be gentler than 2,4-D (11).

Chernova et al.

(11) showed that wheat callus which was initiated on a medium con¬
taining 2,4-D showed no signs of organogenesis after transfer to a
2,4-D free medium.

In contrast, wheat callus that was induced to

form by 5.0 mg/liter piclorum formed roots and shoots soon after it
was transferred to a medium without picloram.

In embryo explants

of tall fescue and annual ryegrass, picloram was effective in in¬
ducing callus and even superior to 2,4-D for tall fescue cultures (18).
Routine plant regeneration from callus tissue, and, more
importantly, from single cells is essential if advancements in
cereal and grass tissue culture are to be made.

Regeneration of

plants from tissue cultures of all major cereals and several
important grass species has only recently been achieved.

Initial

reports of somatic embryogenesis in callus and cell suspension cul¬
tures of various species within the Gramineae have become increasing¬
ly evident (64).
Plant regeneration in cereals and grasses has usually been
accomplished by lowering or completely removing the effective con¬
centration of auxin in the growth medium.

Additions of 2,4-D stim¬

ulate callus growth, but tend to suppress organogenesis (51).
Occasionally, replacement of the auxin 2,4-D with weaker auxins
such as lAA or NAA has produced adequate regeneration (44).

Cyto-

kinins have not usually been required for plant regeneration in
cereal and grass cultures.

Kinetin, however, has been effecitvely
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combined with lAA and 2,4-D in ryegrass regeneration cultures (1).
Shoot organogenesis was promoted by incorporating 6-(Y,Y“dimethylallylamino) purine (2iP) in rice regeneration cultures (31).
The regenerative potential of cultures can be affected by
explant source and its developmental stage (44).

Use of immature

embryos as the donor tissue source has most often produced cultures
capable of plant regeneration (14).

Another factor influencing re¬

generative capacity has been the length of time callus cultures are
maintained.

In rice cultures, eight-week old calli showed a higher

percentage of organogenesis than sixteen-week old calli when given
the same treatment (31),
Explanations for the difficulty in regenerating plants from
callus cultures of cereals and grasses have been postulated.
et al.

King

(34) stated that typical unorganized and undifferentiated

callus cultures are not obtainable from cereal explants.

Instead,

what appears externally as callus is really an "aberrant rootlike
growth”.

King and others have proposed that primary callus cul¬

tures may contain cell populations which are carry-overs from the
meristem of the original explant.

Development of these organized

meristematic centers is suppressed in the presence of auxin and
upon auxin removal subsequent expression of the concealed meristems
is possible (54) .

Repeated subculturing may serve to "dilute out”

or select away such primordia or meristems from calli, thus ex¬
plaining why fewer roots and shoots originate from calli kept in
culture for long periods of time (12).
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Histological examination of primary tissue cultures of cereals
and grasses has yielded information about the atypical callus mor¬
phology associated with grasses.

Anatomical studies of maize, wheat

and oat callus cultures revealed areas of increased cell division
which take on a multilobed appearance (19, 50).

Multilobed struc¬

tures and meristematic regions have also been observed in orchardgrass cultures (47).

In both cases, these structures have been

identified as possible root apical meristems or root primordia.
The origin of callus tissue from complex explants such as
immature and mature embryos has also been observed through histo¬
logical analysis.

The epithelial and subepithelial regions of the

scutellum have been shown to be the source of callus developing from
immature embryos of sorghum (21) and maize (59) .

Atkin and Barton

(3), who performed histological studies on grass callus cultures,
reported that the callus originated from the embryo in the region
of the root-coleoptile junction.

Callus proliferation arose from

the basal portion of the coleorhiza in mature orchardgrass embryo
cultures (47).

Creeping bentgrass caryopses, which had elongated

primary intemodes, exhibited callus arising from the scutellum and
the coleoptile up to the first node (37).

Callus has also appeared

to originate from the plumule in cultures of Italian x perennial
ryegrass caryopses (1).
Although callus induction has been achieved for a number of
turfgrasses, optimal growth conditions have not been adequately
defined.

The culture conditions necessary for plant regeneration
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are even less well known.

Characterizing optimal culture conditions

is difficult due to the large number of variables which must be
examined.

The type of basal salt media, organic growth factors,

t37pe of auxin and/or cytokinin, growth regulator concentration,
explant source, media pH, temperature and light are all factors
which affect callus growth and plant regeneration.

A better under¬

standing of factors influencing callus formation and plant regener¬
ation is desirable for eventual research progressing toward the use
of cellular techniques for turfgrass improvement.

The application

of tissue culture techniques to Kentucky bluegrass may provide an
attractive alternative to conventional breeding methods which must
deal with the problem of apomixis in this important turfgrass species.

CHAPTER

III

METHODS AND MATERIALS

Callus Induction

Certified seed of Kentucky bluegrass (Poa pratensis L.) were
used throughout this study.

Preliminary comparisons were made

among several Kentucky bluegrass cultivars to determine which cultivar displayed the best overall germination or percent viability
when seed was placed on culture media.

Seed of the cultivar *Ram I'

possessed excellent viability and was used throughout all inves¬
tigations.

Mature caryopses served as the explant source for callus

initiation.
Caryopses were manually dehusked prior to in vitro culturing.
Removal of both the lemma and palea greatly reduced the amount of
culture contamination in addition to increasing percent germination
and subsequent callus proliferation.

Dehusked caryopses were sur¬

face sterilized by agitation in a 10% Clorox® (0.525% sodium
h3rpochlorite) solution containing approximately 0.5 ml surfactant
(Tween 20) for 15 minutes.

Following surface sterilization, the

dehusked caryopses were rinsed 3 times in sterile distilled water
before being placed upon appropriate culture media.
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Prepackaged Murashige and Skoog (52) salt media (Grand Island
Biological Company) was used as the basal salt medium for all treat¬
ments.

Media for all treatments were supplemented with 30.0 g/

liter sucrose, 3.0 mg/liter casein hydrolysate, 300 mg/liter ino¬
sitol, 2.0 mg/liter glycine, 0.50 mg/liter nicotinic acid, 0.50 mg/
liter pyridoxine, 0.40 mg/liter thiamine and 8.0 g/liter plant
tissue culture grade agar.
The synthetic auxins 2,4-dichlorophenoxyacetic acid (2,4-D),
napthaleneacetic acid (NAA), 2,4,5-trichlorophenoxyacetic acid
(2,4,5-T), p-chlorophenoxyacetic acid (pCPA) and 4-amino 3,5,6trichloropicolinic acid (picloram) were tested for their effective¬
ness on callus induction and growth.

Stock solutions of 2,4-D and

pCPA were prepared by first dissolving the desired quantity of
auxin in 95% ethanol, then slowly adding deionized water until the
correct total volume was reached.

Preparation of 2,4,5-T and NAA

stock solutions required the use of 95% ethanol exclusively.

A

stock solution of picloram was prepared by dissolving the compound
in 95% ethanol heated to 65°C in a water bath.

Warm deionized

water was then used to bring the solution to final volume.

All

auxin stock solutions were prepared just prior to use and re¬
frigerated at 10°C.

All 5 synthetic auxins were tested at 1.0,

5.0, 10.0, 20.0, 40.0, and 60.0 yM concentrations to determine the
individual effects of auxin type and concentration on callus
initiation.
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Previous experimentation had revealed that autoclaving media
resulted in a consistent drop in media pH by 0.3 units.

The pH

of the complete culture media (including added auxins) was, there¬
fore, adjusted to 6.0 with 1.0 N KOH prior to autoclaving to achieve
a final pH level of 5.7 ± 0.1.

All media

.were autoclaved at 121°C

O

with 1 kg/cm

pressure for 15 minutes.

After autoclaving 3.0 ml

aliquots of sterile media were dispensed into sterile disposable
petri plates (35 x 10 mm) with a Cornwall automatic pipette.

The

use of small petri plates resulted in a greater total amount of
callus induction than when larger petri plates (100 x 15 mm) which
normally contain 25 ml of media were used.

This difference may be

due to the production of growth factors by the developing callus
which accumulate more rapidly and remain in closer proximity to
growing callus in a smaller volume of culture medium.
A total of 5 dehusked caryopses were aseptically placed in each
media-containing petri plate.

Thirty plates per auxin concentration

constituted a single treatment.

The plates were then sealed with

parafilm and placed in a plastic zip-lock bag to prevent contamina¬
tion and/or drying out of culture media.

The total incubation

period was 8 weeks in the dark at 26 ± 2°C.
At the end of the incubation period, percent viability and
percent root and shoot suppression were recorded.

Percent via¬

bility refers to the percentage of dehusked calli which showed
visual signs of germination.

A high percent viability is desirable

when working with mature caryopses as explants.

Percent root and
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shoot suppression describes the percentage of calli showing neither
root nor shoot development.

All roots and shoots were carefully

excised from callus tissue prior to determination of callus fresh
weight.

Callus fresh weights were determined using an electronic

semi-micro analytical balance.

Callus fresh weights were statis¬

tically analyzed using the analysis of variance followed by the
New Duncan^s Multiple Range test.

The total number of calli

generated at each auxin concentration were also determined to illus¬
trate the degree of variability occuring among treatments.

Histology of Primary Callus Cultures

Calli used for histological examination were initiated using
the same culture conditions, basal nutrient media and incubation
time as described in the callus induction study.

Preparation of

explants Cmature caryopses) did, however, differ slightly.

One

preparation technique began with surface sterilization of mature
caryopses by agitation in 70% ethanol for 3 to 5 minutes followed
by 20% Clorox© (1.0% sodium hypochlorite) for 20 minutes.

After

3 rinses in sterile distilled water, the caryopses were allowed to
imbibe water for 3 hours prior to being placed on the nutrient
medium.

An alternate method of preparing explants involved mech¬

anically dehusking the caryopses before surface sterilization in
10% Clorox for 10 minutes.

Following 3 rinses in sterile water.
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the dehusked caryopses were placed on the initiation medium.
Initiation media contained either 23 yM 2,4-D or 15 yM NAA.
For histological analysis, callus samples were fixed for
over 24 hours in ethanol-acetic acid (3:1 v/v).

The fixed samples

were dehydrated in a tertiary-butyl alcohol series followed by
paraffin-butyl (1:1 v/v) before being placed in liquid paraffin for
approximately 12 hours.

After samples were embedded in hard

paraffin, 10 ym thick sections were cut on a rotary microtome and
stained with safranin and fast green.

Examinations of the stained

sections mounted on glass slides were made under the microscope and
photographs were then taken of selected sections.

Plant Regeneration

Three experiments were conducted to determine effects of callus
age and media supplements on plant regeneration.

Callus was in¬

itiated using the same techniques previously described in callus
induction studies.
culturing.

Callus growth was maintained by periodic sub¬

Previous results have indicated that 2,4-D was the op¬

timum auxin for both callus initiation and subsequent growth.

As

such, 2,4-D was utilized throughout this study for callus maintenance.
The calli utilized in the first regeneration study were main¬
tained in culture for a period of 5 months.

These calli were

initiated over an 8 week incubation period using an auxin concen¬
tration of 23 yM 2,4-D.

Further experimentation revealed that a
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lower 2,4-D concentration of 14 yM was more effective in promoting
and maintaining callus growth.

Therefore 14 yM was used for main¬

taining the growth of the 5 month callus and for initiating any
callus used in subsequent regeneration studies.
Regeneration media consisted of half strength MS basal salts,
20 g/liter sucrose, 300 mg/liter inositol, 2.0 mg/liter glycine,
0.50 mg/liter nicotinic acid, 0.50 mg/liter pyridoxine, 0.40 mg/
liter thiamine and 8.0 g/liter plant tissue culture grade agar.
The effects of auxin (2,4-D) and cytokinin (benzyladenine or
BA) on plant regeneration were separately tested at concentrations
of 0.0 mg/liter, 0.1 mg/liter, 0.5 mg/liter and 1.0 mg/liter.

A

combination of 2,4-D and BA, both added at 0.1 mg/liter, was also
tested.
Regeneration media were dispensed in volumes of 10 ml into
individual test tubes (25 x 150 mm).

Plastic slip-on caps were then

placed on the test tubes to prevent contamination during culture.
The media-containing test tubes were then autoclaved at 121°C with
1 kg/cm"^ pressure for 15 minutes.
ferred onto regeneration media.

Calli were aseptically trans¬
One calli per test tube and 4

test tubes per growth regulator treatment comprised a single re¬
generation study.
light (1.719

X

All treatments were placed under fluorescent

lO^yW/m^) and subjected to a 12 hour light/12 hour

dark diurnal cycle at room temperature (23 ± 3°C).

Observations

were made on a daily basis for the appearance of roots and/or shoots
originating from the callus tissue.

Plant regeneration was based

21

on the appearance of both roots and shoots arising from a single
callus.

Percent regeneration was determined for each treatment by

dividing the number of calli regenerating plants by the total
number of calli within a treatment.

Regenerated plants were trans¬

ferred to a sand:peat:loam mixture and watered with half strength
Hoagland’s solution before being transferred to the greenhouse.
Following the completion of the first regeneration study, a
second regeneration study was conducted using younger callus which
had been maintained for only 3 months.

The same materials and

methods described for the first regeneration study were utilized for
this second study.

A final third regeneration study was performed

using 2 month old callus which had never been subcultured.

The only

difference in procedure was that this callus was transferred
directly from the induction media to the various regeneration media
previously outlined.

CHAPTER

IV

RESULTS AND DISCUSSION

Callus Induction

Aiiiong the different auxins and concentrations tested, large
differences in callus induction, percent viability and percent root
and shoot suppression were observed.

Callus initiation occurred

at all concentrations of 2,4-D (Figure 1).

The largest calli were

produced at 5.0 and 10.0 pM 2,4-D (visual examination)

(Figure 1).

Individual calli ranged in color from yellow to white throughout all
auxin treatments.

The level of root and shoot suppression was least

at the lower 2,4-D concentrations and increased with higher concen¬
trations (Table 1).

The highest mean (X) callus fresh weight was

generated with 5.0 pM 2,4-D (Figure 2).

A high percent viability,

approximately 90%, occurred with all six 2,4—D concentrations
(Table 1).

Results obtained when using 2,4-D for callus induction

are strongly supported by others using 2,4-D for producing callus
from numerous cereals and grasses (14).

An optimum 2,4-D level of

3.5 mg/liter has been reported for callus initiation from mature
caryopses of Kentucky bluegrass (36).
The synthetic auxin NAA produced widely variable numbers of
calli per petri plate at all six concentrations tested (Figure 3).
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Fig. 1.
Callus induction from dehusked caryopses of
Kentucky blusgrass cultured for 8 weeks on a modified MS
medium containing different concentrations of 2,4-D.
(The
concentrations expressed as mg/liter are 1,5,10,20,40, and
60 liM respectively.)
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TABLE 1
PERCENT VIABILITY, NUMBER OF CALLI GENERATED, MEAN CALLUS FRESH WEIGHT
AND PERCENT ROOT AND SHOOT SUPPRESSION FROM MATURE CARYOPSES OF
KENTUCKY BLUEGRASS CULTURED FOR 8 WEEKS ON A MODIFIED MS MEDIUM
CONTAINING DIFFERENT CONCENTRATIONS OF 2,4-D.

2,4-D

Auxin Cone.

viability

(WM)

(%)

Calli
Generated
(total no.)

Callus Fresh
Wt.
(mg)

Root & Shoot
Suppression

3

(%)

1

92

66

18.26 b*

5

92

69

28.12 a

25

10

91

128

22.33 b

28

20

93

107

19.11 b

43

40

90

89

11.43 c

46

60

93

93

11.94 c

47

*Means followed by the same letter are not significantly different at
the ,05 level.
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Fig. 2.
Mean callus fresh weight generated from
dehusked caryopses of Kentucky bluegrass cultured for
8 weeks on a modified MS medium containing different
concentrations of 2,4-D.
Vertical lines on the data
points represent standard errors.

0.93

11.2

K. BLUE CALLUS INITIATION
NAA (mg/l)
8 WEEKS

Fig. 3.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on a modified MS
medium containing different concentrations of NAA.
(The
concentrations expressed as mg/liter are 1,5,10,20,40,
and 60 yM respectively.)

Fig. 4.
Mean callus fresh weight generated from
dehusked caryopses of Kentucky bluegrass cultured
for 8 weeks on a modified MS medium containing dif¬
ferent concentrations of NAA.
Vertical lines on the
data points represent standard errors.
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TABLE 2
PERCENT VIABILITY, NUMBER OF CALLI GENERATED, MEAN CALLUS FRESH WEIGHT
AND PERCENT ROOT AND SHOOT SUPPRESSION FROM MATURE CARYOPSES OF
KENTUCKY BLUEGRASS CULTURED FOR 8 WEEKS ON A MODIFIED MS MEDIUM
CONTAINING DIFFERENT CONCENTRATIONS OF NAA.

NAA

Auxin Cone.

Viability

(WM)

(%)

Calli
Generated
(total no.)

Callus Fresh
Wt.
(mg)

Root & Shoot
Suppression
(%)

6.25 b*

17

1

43

64

5

37

56

14.70 a

5

10

64

93

14.73 a

10

20

69

102

18.77 a

14

40

77

73

14.66 a

25

60

63

47

13.61 a

62

♦Means followed by the same letter are not significantly different
at the .05 level.
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Although the highest mean callus fresh weight was produced with
20.0 pM NAA (Figure 4), there was no significant difference in callus
weight between concentrations (Table 2).

Higher concentrations of

NAA, compared to 2,4-D, may be necessary for good callus induction.
For example, NAA was an effective callus inducer at 40.0 and 60.0 pM
for tall fescue, annual ryegrass and orchardgrass (18).

Within the

NAA treatments, percent root and shoot suppression was lower than
for 2,4-D treatments (Table 2).

Callus tissue appeared to arise

from the embryo up to and including the first node in most NAA
cultures.

This observation was not noticeable in any other auxin

treatments.
A dramatic reduction in percent viability occurred when using
2,4,5-T at higher concentrations.

This toxic effect was more

noticeable at the 60.0 pM concentration (Figure 5, Table 3).

The

effective concentration range of 2,4,5-T was much narrower than
with 2,4-D and the concentration yielding the highest mean callus
fresh weight was 5.0 pM.

A comparison of 2,4-D and 2,4,5-T on

callus induction and growth in orchardgrass, annual ryegrass and
tall fescue also indicated that 2,4,5-T has a narrower effective
concentration range (16).
The results obtained using pCPA as an auxin source were sim¬
ilar to the NAA treatments.

Callus induction was irregular among

replicates with no single pCPA concentration differing visually or
statistically (Figure 7, Table 4).

The highest mean callus fresh

weight was produced with 5.0 pM pCPA (Figure 8).

Less callus was

Fig. 5.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on a modified MS
medium containing different concentrations of 2,4,5-T.
(The concentrations expressed as mg/liter are 1,5,10,20,
40, and 60 yM respectively.)
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CONCENTRATION UiM)

Fig. 6.
Mean callus fresh weight generated from
dehusked caryopses of Kentucky bluegrass cultured
for 8 weeks on a modified MS medium containing dif¬
ferent concentrations of 2,4,5-T.
Vertical lines on
the data points represent standard errors.
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TABLE 3
PERCENT VIABILITY, NUMBER OF CALLI GENERATED, MEAN CALLUS FRESH WEIGHT
AND PERCENT ROOT AND SHOOT SUPPRESSION FROM MATURE CARYOPSES OF
KENTUCKY BLUEGRASS CULTURED FOR 8 WEEKS ON A MODIFIED MS MEDIUM
CONTAINING DIFFERENT CONCENTRATIONS OF 2,4,5-T.

2,4,5-T

Auxin Cone.

Viability

(yM)

(%)

Calli
Generated
(total no.)

Callus Fresh
Wt.

(mg)

Root & Shoot
Suppression
(%)

1

71

88

11.95 b*

17

5

55

82

21.65 a

33

10

54

78

16.54 b

44

20

47

64

9.57 b

70

40

21

32

3.68 b

94

60

3

4

1.40 b

100

*Means followed by the same letter are not significantly different
at the .05 level.

Fig. 7.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on a modified MS
medium containing different concentrations of pCPA.
(The
concentrations expressed as mg/liter are 1,5,10,20,40, and
60 yM respectively.)
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Fig. 8.
Mean callus fresh weight generated from
dehusked caryopses of Kentucky bluegrass cultured for
8 weeks on a modified MS medium containing different
concentrations of pCPA.
Vertical lines on the data
points represent standard errors.
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TABLE 4
PERCENT VIABILITY, NUMBER OF CALLI GENERATED, MEAN CALLUS FRESH WEIGHT
AND PERCENT ROOT AND SHOOT SUPPRESSION FROM MATURE CARYOPSES OF
KENTUCKY BLUEGRASS CULTURED FOR 8 WEEKS ON A MODIFIED MS MEDIUM
CONTAINING DIFFERENT CONCENTRATIONS OF pCPA.

pCPA

Auxin Cone.
(%)

Viability
(%)

Call!
Generated
(total no.)

Callus Fresh
Wt.
(mg)

Root & Shoot
Suppression
(%)

1

69

70

5

74

88

19.90 a

47

10

62

86

14.82 be

47

20

71

90

15.92 ab

61

40

74

104

11.72 be

72

60

69

104

11.48 cd

83

7.74 d*

31

*Means followed by the same letter are not significantly different
at the .05 level.
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generated using pCPA in annual ryegrass and orchardgrass cultures
when compared to other auxins (18) and was totally ineffective for
initiating callus from wheat explants (13).
Picloram treatments yielded the lowest callus fresh weights
overall (Figure 10, Table 5).

A toxic effect, similar to 2,4,5-T

treatments was observed in all picloram treatments (Figure 9).

In

contrast, picloram has been used successfully for callus induction
in other monocot species.

Picloram levels of 0.5 and 1.0 mg/liter

have yielded high callus fresh weights from excised embryos of
wheat C13).

McDonnell (48) found that picloram at 60.0 yM produced

optimal callusing of Kentucky bluegrass embryos.

According to

McDonnell (48), picloram is readily soluble in hot water, but based
on several attempts in this study, picloram was found to be in¬
soluble in hot water and the addition of ethanol was required for
complete solubility.

Differences in callus initiation results using

the same explant of Kentucky bluegrass, identical picloram concen¬
trations and similar culture conditions may be attributable to the
use of different solvents in preparing picloram stock solutions.
In summary, 2,4-D was the optimum auxin for callus induction
from mature caryopses of *Ram I’ Kentucky bluegrass.

A 2,4-D

concentration within the range of 5.0 to 10.0 yM could be recommended
for good callus initiation.

Use of a slightly higher 2,4-D con¬

centration, however, would result in adequate callus induction with
much less root and shoot proliferation.

The potency and stability

of the synthetic auxin 2,4-D within plant tissues may be responsible

Fig. 9.
Callus induction from dehusked caryopses of
Kentucky bluegrass cultured for 8 weeks on a modified MS
medium containing different concentrations of picloram.
(The concentrations expressed as mg/liter are 1,5,10,20,40,
and 60 yM respectively.)

aao -

PICLORAM

2S.0

- 2ao
3

s

X
CO
kU

tSJO

s
CO

D
o to.0

5.0

1.0

5U)

lao

20j0

40.0

60.0

CONCENTRATION OiM)

Fig. 10.
Mean callus fresh weight generated from
dehusked caryopses of Kentucky bluegrass cultured for
8 weeks on a modified MS medium containing different
concentrations of picloram.
Vertical lines on the data
points represent standard errors.
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TABLE 5
PERCENT VIABILITY, NUMBER OF CALLI GENERATED, MEAN CALLUS FRESH WEIGHT
AND PERCENT ROOT AND SHOOT SUPPRESSION FROM MA.TURE CARYOPSES OF
KENTUCKY BLUEGRASS CULTURED FOR 8 WEEKS ON A MODIFIED MS MEDIUM
CONTAINING DIFFERENT CONCENTRATIONS OF PICLORUM.

PICLORAM

Auxin Cone.

Viability

(UM)

(%)

Calli
Generated
(total no.)

Callus Fresh
Wt.
(mg)

Root & Shoot
Suppression
(%)

1

67

42

4.06 b*

29

5

72

98

8.16 b

16

10

52

75

8.36 b

29

20

65

87

15.96 a

30

40

57

87

6.09 b

71

60

48

70

6.44 b

84

*Means followed by the same letter are not significantly different
at the .05 level.
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for its superior ability to induce dedifferentiation in
graminaceous cultures.

Histology of Primary Callus Cultures

Histological examination did not reveal any differences between
the use of 2,4-D or NAA for callus initiation.

The initial stages

of germination were not evident due to the advanced age of cultures
at the time of histological examination.

It was possible, however,

to identify loose cell masses proliferating from the embryo (Figure
11).

Based on the clear location of the shoot apex, the cell pro¬

liferation seemed to have occurred from the base of the coleorhiza.
A complex explant such as the mature embryo typically gives
rise to a primary culture composed of a variety of cell types (30).
The majority of cells comprising the initial cell mass had gross
cytological features resembling thin-walled parenchyma (Figure 12).
The shape of these parenchyma-like cells was quite irregular unlike
the ground parenchyma of an intact plant.
Frequently present were areas of organized tissue detached from
each other and surrounded by masses of loose cells (Figure 11).
Some of these organized regions were densely stained and resembled
multilobed structures (Figure 13).

A higher magnification of one

such organized region showed that vascularization was beginning to
occur (Figure 12).

These organized regions within Kentucky

A1

Fig.

11.

grass caryopsis

Longitudinal section of mature Kentucky blue(stained with safranin-fast green)

callus proliferation from the embryo.

x50.

showing

Fig. 12.
Organized region showing beginnings of vas¬
cularization within Kentucky bluegrass primary callus. x430.

Fig. 13.
Section of Kentucky bluegrass primary callus
(stained with safranin-fast green) showing multilobed,
organized regions. x50.
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bluegrass primary callus cultures may be root and shoot primordia
as suggested in maize, wheat, oat

(19) and orchardgrass cultures

(47).
Observations on the internal and external (Figure 14) anatomy
of Kentucky bluegrass primary callus cultures lend support to the
theory that what appears to be callus externally may really be an
aberrant root-like growth (34).

This is further supported by the

abundance of roots or root-hair like structures which form when
Kentucky bluegrass callus is placed on regeneration medium (Figure
15),

Such aerial roots without accompanying shoot initiation are

often seen in tissue cultures of many species within the Gramineae
and may be originating from suppressed root primordia present
within the callus (3, 9, 12, 15, 43).

Plant Regeneration

Attempts at plant regeneration using 5 and 3 month old callus
were unsuccessful.

Across all 2,4-D and BA treatments, only root

development was apparent (Figure 15).

These roots appeared soon after

calli were placed on regeneration media.
Shoots did originate from several calli which were trans¬
ferred directly from the initiation medium to the regeneration
medium (2 month old callus).

When only BA was included in the

regeneration media at a level of 0.5 mg/liter, 2 out of 4 calli
produced both shoots and roots (Figure 16).

The shoots developed

Fig. 14.
External appearance of Kentucky bluegrass
primary callus. xlO.
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Fig. 15.
Root development from three month old Kentucky
bluegrass callus cultured on a modified MS medium containing
0.1 mg/liter 2,4-D.
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Fig. 16.
Plant formation from Kentucky bluegrass callus
transferred directly from initiation medium to regeneration
medium containing 0.5 mg/liter BA.
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within two weeks after the callus had been placed on the regenera¬
tion medium.

A BA concentration of 1.0 mg/liter induced only 1 out

of 4 calli to form shoots and roots.

No call! produced shoots and

only root development was apparent when 0.1 mg/liter BA or 0.1, 0.5,
1.0 mg/liter 2,4-D were tested individually.
Cytokinins have not been necessary for plant regeneration
from cereals and grass cultures, however, kinetin and BA have been
occasionally beneficial. Shoot and root development in creeping
bentgrass callus was best at 0.10 and 1.0 mg/liter kinetin without
2,4-D (37).

In ryegrass cultures, 0.1 mg/liter BA was favorable

for optimum shoot formation and 0.1 to 0.5 mg/liter 2,4-D improved
root formation (60).

The insufficient level of endogenous cytokinins

in a few selected grass cultures as compared to the majority of
monocots may necessitate the addition of low levels of synthetic
cytokinins.
All regenerated plants have been successfully transferred to a
soil mixture and placed in a greenhouse.

Based on the observation

that the external morphology of the regenerated plants is normal,
genetic instability was not evident.
The possibility exists that shoot development was derived from
shoot apices which were carried over from the primary cultures.

An

anatomical study of maize, wheat and oat cultures proposed that
shoot production was due to the carryover of existing shoot apices
from primary embryo cultures and was not, therefore, an example of
de novo organogenesis from undifferentiated callus (19, 50).

The
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absence of reliable shoot regeneration on repeated subcultures in
many cereals and grasses may result from the use of root-like
cultures instead of less differentiated callus.

Extreme rhizo-

genesis is typical of many nonregenerating cereal and grass cultures
(27).

Cultures which contain unorganized callus capable of ^ novo

shoot initiation have been obtained from immature scutellar tissue
of maize (29).

If such cultures were obtainable from grass explants,

plant regeneration from older callus would be more frequent and
dependable.

It is essential to produce regenerative cultures from

more unorganized callus and from cell suspensions so that cellular
totipotency can be clearly demonstrated in the Gramineae.
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APPENDIX A

Composition of Murashige and Skoog (MS)
Macronutrients

(32) Basal Medium
mg/liter

NH4NO3

1650

RNO3

1900
H O
2

A40

H O

370

CaCl

2

2

MgSO^

7

2

170

KH P ^
2

0

Micronutrients
0.83

KI
H BO
3

6.2

3

H O

22.3

H O

8.6

MnSO^

4

ZnSO^

7

2

Na MoO^

2

2

H O

2

2

0.025

H O

0.025

5

C CI

6

Na

2

2

2

EDTA

FeSO^

0.25

H O

CuSO^
0

2

H O

7

2

37.23
27.95

Organic Constituents (modified)
Sucrose
Inositol

30,000
300

Nicotinic Acid

0.50

Pyridoxine

0.50

APPENDIX A (continued)

Organic Constituents (modified)

mg/liter

Thiamine

0.40

Glycine

2.0

Agar

8,000

Auxins
2,4-D

1.0 - 60.0 yM

NAA

1.0 - 60.0 yM

2,4,5-T

1.0 - 60.0 yM

pCPA

1.0 - 60.0 yM

Picloram

1.0 - 60.0 yM
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APPENDIX B

Percent germination of several Kentucky bluegrass cultivars on
auxin-free culture media.

Cultivar

Percent germination (%)

Ram I

98

Baron

86

Touchdown

54

Georgetown

53

A 34

45

